Heat of polymerization of Bis-GMA-TEDMA monomer mixtures, corresponding to the conceivable constituents of composite resins, was evaluated from the area of exothermic peak in DSC curves, and also the conversions of polymerization were calculated from the ratio of the heat of polymerization for each monomer mixture to an assumed one at 100% conversion. The effects of composition of monomers and environmental atmosphere on the polymerization were examined. The results suggest that increasing amounts of TEDMA in the monomer mixtures increases the length of the inhibition period for oxygeninhibited polymerization of dimethacrylate monomers, but decreases the porosity of cured resins.
INTRODUCTION

MATERIALS AND METHODS
The monomers used in this study were Bis-GMA* and TEDMA (triethylene-glycoledimethacrylate)*. Either BPO (benzoyl-peroxide)** as initiator or DMPT (dimethyl-paraShin-Nakamura Chemical Industries Ltd., Wakayama, Japan
Wako Pure Chemical Industries Ltd., Osaka, Japan Figure 2 shows the heat of polymerization and Figure 3 shows the conversion summarized in Table 1 . In case of polymerization under air, the monomer mixture containing 30% TEDMA by weight showed the highest heat of polymerization and conversion. In the case of polymerization under argon gas, the monomer mixture containing 40% TEDMA by weight showed the highest conversion. These heat of polymerization and conversion under air were lower than those under argon gas. Furthermore, the differences of these according to the difference of environmental atmosphere increased with increasing amounts of TEDMA in monomer mixtures as well as the change of Tp and Te. It is suggested that the length of the inhibition period for oxygen-inhibited polymerization of dimethacrylate monomers increased with increasing amounts of TEDMA in monomer mixtures. Oxygen itself is well-known as a polymerization inhibitor. The role of oxygen in the mechanism of vinyl polymerization is peroxide formation in preference to polymerization. In the presence of excess oxygen, polymerization is either greatly retarded or entirely prevented16). On the other hand, HQME was also dissolved as an inhibitor in the monomers. Phenols such as HQME are known to have little effect on the rate of polymerization in the absence of oxygen. Phenols act simply as antioxidants in the inhibition of vinyl polymerization in the presence of oxygen. The role of phenols in the inhibition of stabilization process is simply to prevent the oxygen from being consumed rapidly and thus to maintain the oxygen concentration at a level high enough to cause inhibition for a longer time17). It is apparent that the inhibition observed in this study is dependent on the effects of HQME and atmospheric oxygen. According to Ruyter3), it is assumed that the rate of oxygen diffusion in a resin liquid decreases with increasing viscosity, and as the viscosity is of the same magnitude, the supply of oxygen to the reactive site; i.e. the radicals, is of the same order of magnitude. Asmussen's investigation18) showed that the viscosity of Bis-GMA-TEDMA monomer mixtures decreased with increasing amounts of TEDMA in the monomer mixtures. Thus, it can be seen that increasing amounts of TEDMA in the monomer mixtures increased the length of the inhibition period for oxygen-inhibited polymerization of dimethacrylate monomers. Table 1 . Except for the conversion of 60% TEDMA by weight after 24 hours from the start of mixing, the conversion obtained by IR was less than the one by DSC. In IR measurement, samples were pressed between KBr crystal plates; so that samples did not come into contact with air and pores were extremely rare. However, samples came into contact with KBr plates having large heat capacity, and the temperature of the samples was not raised by heat of polymerization. Thus, it seems that the rate of polymerization was not accelerated by the rise of temperature and the conversion was less than the one by DSC. Considering the procedures for clinical samples, DSC analysis is more applicable than IR. In the case of the conversion obtained by IR after 24 hours from the start of mixing, the conversion increased with increasing amounts of TEDMA in the monomer mixtures. This is in agreement with results by Asmussen2),7) and Ruyter et al.15) On the other hand, in the case of conversion obtained by DSC measurement under argon gas, conversion showed the highest in 40% TEDMA by weight, but decreased with more than 40% TEDMA by weight such as Figure 4 . As described previously, increasing amounts of TEDMA in the monomer mixtures increased the length of the inhibition period for oxygen-inhibited polymerization. And it seems that the rate of polymerization in DSC measurement was inhibited by diffused oxygen on mixing and impure oxygen in argon gas. Furthermore, in the case of greatly retarded polymerization, the DSC curve is broad and total area of exothermic peak in the curve is difficult to measure precisely. Thus, it should be noted that the DSC method is not always possible in the case of greatly retarded reaction.
CONCLUTIONS
The isothermal DSC measurement used in this study was suitable as a method for determining the conversion of polymerization of dimethacrylate monomers, such as Bis-GMA and TEDMA used in commercial composite resins. It was also found that increasing amounts of TEDMA in monomer mixture increased the length of the inhibition period for oxygen-inhibited polymerization of dimethacrylate monomers, but decreased the porosity of cured resins.
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